The closely related species Actinobacillus actinomycetemcomitans, Haemophilus aphrophilus, and Haemophilus paraphrophilus are common findings in oral microbiota. The aims of this study were to evaluate the applicability of the Rapid NH and API ZYM kits and arbitrarily primed PCR (AP-PCR) in the identification and differentiation of the three species from each other. The material included 62 clinical isolates and three reference strains of A. actinomycetemcomitans representing the 5 serotypes and 18 AP-PCR genotypes. Haemophilus species included 12 clinical isolates and 11 reference strains of H. aphrophilus, H. paraphrophilus, and 5 other species. For the PCR amplification, the oligonucleotide 5-CAGCACCCAC-3 was used as a primer. Contrary to the consistent performance of API ZYM, the Rapid NH system was able to identify only 10 of 65 (15%) A. actinomycetemcomitans isolates, whereas all Haemophilus species were correctly identified. The API ZYM test differentiated A. actinomycetemcomitans from H. aphrophilus and H. paraphrophilus by negative ␤-galactosidase and ␣-glucosidase reactions and a positive esterase lipase reaction. However, the API ZYM test was unable to differentiate H. aphrophilus from H. paraphrophilus, it also could not differentiate A. actinomycetemcomitans serotypes from each other. Among the H. aphrophilus isolates three AP-PCR genotypes and among H. paraphrophilus isolates only one AP-PCR genotype, distinct from those of A. actinomycetemcomitans, were found. The Rapid NH test showed poor ability to identify clinical isolates of all A. actinomycetemcomitans serotypes. Moreover, AP-PCR genotyping proved to be a rapid method for the species differentiation of A. actinomycetemcomitans, H. aphrophilus, and H. paraphrophilus.
The closely related Actinobacillus actinomycetemcomitans, Haemophilus aphrophilus, and Haemophilus paraphrophilus are gram-negative, facultatively anaerobic, and nonmotile coccobacilli that are frequently recovered from healthy and diseased oral cavities and may cause various extraoral infections, such as endocarditis, and abscesses in brain, neck, and lungs (1, 27, 32) . During the past few decades A. actinomycetemcomitans has been implicated as a major periodontal pathogen, occurring in 30 to 90% of patients with adult and juvenile forms of periodontitis (10, 33) . Based on differences in the carbohydrate moiety of cell surface lipopolysaccharide A. actinomycetemcomitans can be grouped into five serotypes (a to e) (11, 31) . It has been suggested that certain serotypes are associated with specific forms of periodontitis, extraoral infections, and periodontal health (1, 11, 32) . Although H. aphrophilus and H. paraphrophilus have also been isolated from periodontal pockets, they do not play a significant role in the etiology and pathogenesis of periodontal diseases (12) . Therefore, the correct identification of A. actinomycetemcomitans in clinical samples is becoming increasingly important for screening, treatment planning, and monitoring of periodontal diseases (9) . Although distinguishing H. aphrophilus from H. paraphrophilus may have limited clinical importance due to the infrequent occurrence of invasive infections, a species level identification is required for epidemiological characterization.
Differentiating between A. actinomycetemcomitans, H. aphrophilus, and H. paraphrophilus by culture methods may be difficult due to the similarities in cell morphology, growth requirements, and colony morphology displayed on the commonly used selective culture medium for A. actinomycetemcomitans, tryptic soy-bacitracin-vancomycin agar (25) . Additionally, identification problems may arise from inconsistent biochemical reactions: the presumptive differentiation of A. actinomycetemcomitans from Haemophilus species is generally based on the positive catalase test and the ability to ferment sucrose and lactose (25, 26) . However, some A. actinomycetemcomitans strains are catalase negative, and some H. aphrophilus strains are catalase positive (3, 32, 28, 29) . The V factor (NAD) requirement for the growth of H. paraphrophilus is the only criterion that differentiates this species from H. aphrophilus (27) . However, this feature can be lost in individual strains or be falsely obviated by medium carryover effect (27) . Therefore, in clinical laboratories A. actinomycetemcomitans may be overlooked, or H. aphrophilus and H. paraphrophilus be misidentified as A. actinomycetemcomitans. Additionally, intraspecies variation of A. actinomycetemcomitans may cause confusion in presumptive identification, e.g., there are limited data available on the biochemical characteristics of the five A. actinomycetemcomitans serotypes, especially of the recently found serotypes d and e (11, 21) .
The aims of this study were to determine whether A. actinomycetemcomitans serotypes differ regarding biochemical re-actions used for species identification and also to evaluate the applicability of the Rapid NH and API ZYM kits and of AP-PCR genotyping for the identification and species differentiation of A. actinomycetemcomitans, H. aphrophilus, and H. paraphrophilus isolates. The isolates were revived from cultures frozen at Ϫ70°C in skim milk and subcultured three times on enriched blood agar and chocolate agar medium prior to biochemical testing.
MATERIALS AND METHODS

The
Rapid NH test. All A. actinomycetemcomitans isolates (n ϭ 65) and all Haemophilus isolates (n ϭ 23) were tested by the Rapid NH system. The Rapid NH system (Innovative Diagnostic Systems, Inc., Norcross, Ga.) is a qualitative micromethod based on the detection of preformed bacterial enzymes. Dehydrated reactants are included for the following tests: hydrolysis of amide substrates proline p-nitroanilide and ␥-glutamyl p-nitroanilide; fermentation of glucose and sucrose; hydrolysis of o-nitrophenyl-␤-D-galactoside; hydrolysis of fatty acid ester, resazurin, urea, and p-nitrophenyl phosphate; utilization of ornithine; utilization of tryptophane to form indole; and reduction of nitrate to nitrite and of nitrate to nitrogen. The Rapid NH panels were inoculated, incubated, and interpreted according to the manufacturer's instructions. Bacterial cells from fresh cultures were suspended in 1 ml of Rapid NH inoculation fluid to the recommended turbidity (McFarland no. 3 standard), and the entire contents of the tube were transferred to the panel. After incubation in air at 37°C for 4 h, the color reactions were scored before and after reagent addition.
Nitrate broth test. The indole-nitrate test was performed for the A. actinomycetemcomitans serotypes a, b, and e isolates (n ϭ 15) which were nitrate negative in the Rapid NH test system. Indole-nitrate medium was prepared as previously described (15) . The fresh A. actinomycetemcomitans isolates from enriched blood agar and Haemophilus isolates from chocolate agar were inoculated into indolenitrate medium and incubated in air at 37°C for 2 days. The test was carried out as previously described (15) .
Serum sugar fermentation. Sucrose fermentation was carried out in 2 ml of phenol red broth (13) supplemented with 10% rabbit serum and 1% sucrose for the A. actinomycetemcomitans serotype d and e isolates (n ϭ 18) which were sucrose-positive in the Rapid NH test system. Heavy suspension (corresponding to a McFarland no. 6 turbidity standard) was prepared from test strains, and 160 l of the specimen was inoculated into the phenol red broth tube. The tubes were incubated in air at 35°C up to 9 days. A yellow color was interpreted as a positive fermentation reaction, and a reddish-pink color was considered a negative fermentation reaction.
API ZYM test. A total of 34 A. actinomycetemcomitans isolates (6 serotype a, 10 serotype b, 7 serotype c, 1 serotype d, 12 serotype e, and 1 nonserotypeable) and all isolates (n ϭ 23) of the seven Haemophilus species were tested by using the API ZYM system. The API ZYM system (bioMérieux Vitex, Inc., St. Louis, Mo.) is a micromethod that allows semiquantitative and rapid determination of 19 enzymatic reactions (alkaline phosphatase, esterase [C4], esterase lipase [C8], lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, ␣-galactosidase, ␤-galactosidase, ␤-glucuronidase, ␣-glucosidase, ␤-glucosidase, N-acetyl-␤-glucosaminidase, ␣-mannosidase, and ␣-fucosidase). The API ZYM strips were inoculated, incubated, and interpreted according to the manufacturer's instructions. After inoculation each cupule of strips with 65 l of a dense suspension (McFarland no. 5 or 6 standards) in water, the panel was incubated in air at 37°C for 4 h. Then, the reagents were added and reactions were interpreted. If poor reactivity was scored after 4 hours in order to confirm scoring the color intensity was checked again after an overnight incubation. Color reactions were scored from 0 to 5 according to a reference color chart supplied by the manufacturer. Color reaction grade 0 was interpreted to correspond to a negative reaction; grades 1 and 2 corresponded to a weak reaction (5 to Ͻ20 nmol), and grades 3, 4, and 5 corresponded to a strong reaction (Ͼ20 nmol). To confirm the reproducibility of the enzymatic reactions, 12 serotype e isolates and reference strains of serotypes a, b, and c were examined twice on different days from different subcultures.
AP-PCR genotyping. For the AP-PCR amplification, A. actinomycetemcomitans, H. aphrophilus, and H. paraphrophilus chromosomal DNA was extracted as previously described (22) . The 50-l PCR reaction volume consisted of 0.2 mM deoxynucleoside triphosphates (Pharmacia Biotech, Piscataway, N.J.), 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 4 mM MgCl 2 , 2.5 U of AmpliTaq (Perkin-Elmer Cetus, Norwalk, Conn.), 5 l of template DNA (1:100 to 1:500 dilution), and 0.4 M primer OPA-13 (5Ј-CAGCACCCAC-3Ј). The amplification was carried out in a thermocycler (Perkin-Elmer) as previously described (2) . Amplification products were analyzed electrophoretically in 1% (wt/vol) agarose gel stained with ethidium bromide (0.5 g/ml) and photographed under UV light. The banding patterns were analyzed visually.
RESULTS
Rapid NH test. The Rapid NH test results of 65 A. actinomycetemcomitans isolates of all serotypes and genotypes are shown in Table 1 . For comparisons, the Rapid NH differential chart obtained for A. actinomycetemcomitans is included. The Rapid NH system was unable to identify 55 of 65 (85%) A. actinomycetemcomitans isolates due to false reactions to proline p-nitroanilide (n ϭ 51), sucrose (n ϭ 18), fatty acid ester (n ϭ 42), resazurin (n ϭ 38), p-nitrophenyl phosphate (n ϭ 20), and nitrate reduction (n ϭ 15). In other words, the Rapid NH system was unable to identify 5 of 6 (83%) A. actinomycetemcomitans serotype a, 1 of 3 (33%) serotype d, 31 of 38 (82%) serotype e, and any of the serotype b (n ϭ 10), c (n ϭ 7), and nonserotypeable (n ϭ 1) isolates. The false reactions among serotypes can be seen in Table 1 AP-PCR genotypes showed an indistinguishable biochemical profile in the API ZYM test. Additionally, the A. actinomycetemcomitans isolates examined in duplicate showed no variation in their enzyme-producing capacity. All of the test isolates gave negative reactions to 9 enzymes: lipase, trypsin, chymotrypsin, ␣-galactosidase, ␤-glucuronidase, ␤-glucosidase, N-acetyl-␤-glucosaminidase, ␣-mannosidase, and ␣-fucosidase. (Fig. 1) . Of 11 H. aphrophilus isolates, 5 (45%) belonged to the AP-PCR genotype 1, 5 (45%) belonged to the AP-PCR genotype 2, and 1 belonged to the AP-PCR genotype 3. Two H. paraphrophilus isolates showed identical banding patterns with each other, and the patterns were different from those of 11 H. aphrophilus isolates (Fig. 2) . Of the 18 AP-PCR genotypes of the A. actinomycetemcomitans isolates, 2 belonged to serotype a, 6 to serotype b, 4 to serotype c, 2 to serotype d, and 3 to serotype e and 1 was nonserotypeable.
DISCUSSION
The Rapid NH identification kit has a database for Haemophilus, Neisseria, and some other genera that include fastidious gram-negative bacilli, such as A. actinomycetemcomitans. Although the identification performance of the Rapid NH has been extensively studied for Haemophilus and Neisseria species (6, 8, 20) , no data were available for the five A. actinomycetemcomitans serotypes.
The present study examined the ability of the Rapid NH test in the identification of A. actinomycetemcomitans isolates representing all five currently known serotypes and all AP-PCR genotypes so far distinguished by the oligonucleotide 5Ј-CAG CACCCAC-3Ј primer among A. actinomycetemcomitans iso- lates in our culture collection (2, 7). The results showed that 55 of 65 (85%) A. actinomycetemcomitans isolates were not identified with the Rapid NH system due to false-positive reactions for proline p-nitroanilide, sucrose, and fatty acid ester and false-negative reactions for resazurin, p-nitrophenyl phosphate, and nitrate reduction. Several studies have reported negative sucrose and lactose fermentation reactions and positive nitrate reduction of A. actinomycetemcomitans (3, 18, 23, 26, 27, 31) . In these studies either the serotype distribution of the test material was not mentioned or the recently designated serotypes d and e were not included. Interestingly, in the Rapid NH test the positive reaction for sucrose was only observed in some isolates of the recently found, rare A. actinomycetemcomitans serotypes d and e (11, 21) . In order to be sure that the sucrose fermentation and nitrate reduction by certain isolates of these new serotypes are different from the literature description of this species, all of the A. actinomycetemcomitans isolates which were positive for sucrose and/or negative for nitrate reduction in the Rapid NH test were tested by other testing methods, i.e., the serum sugar test and the nitrate-broth test. The results of these tests showed that the sucrose-positive and nitrate reduction-negative reactions obtained from the Rapid NH test system were false-positive and false-negative reactions. The false-negative test reaction in the Rapid NH test system may be due to the fact that some of our A. actinomycetemcomitans isolates may have been unable to react with the substrates in the Rapid NH test, but we found no answer for the false-positive reactions. As no information was obtained from the manufacturer about the A. actinomycetemcomitans strains used to set up the database of the Rapid NH identification system, it is difficult to explain the discrepancy between the results on our A. actinomycetemcomitans strains and those of the manufacturer. However, it may be related to serotype, the number of strains, or genetic or environmental differences among isolates. Our test A. actinomycetemcomitans isolates showed several codes which were not present in the database of the kit. New codes obtained from our test isolates, if added to the Rapid NH database, may help to identify clinical A. actinomycetemcomitans strains.
Although the Rapid NH system cannot differentiate between H. aphrophilus and H. paraphrophilus and between H. parainfluenzae and H. parahaemolyticus without a supplemental growth factor dependence test and the ability to grow on blood agar, the Haemophilus isolates belonging to the seven tested species were correctly identified. The key reaction dif- (26) .
In the present study, the enzymatic activity of A. actinomycetemcomitans and Haemophilus species was also evaluated by using the API ZYM rapid micromethod. All serotypes and nonserotypeable isolates of A. actinomycetemcomitans showed indistinguishable enzymatic profiles in the API ZYM test. However, the API ZYM system was unable to differentiate between H. aphrophilus and H. paraphrophilus isolates. The kit differentiates A. actinomycetemcomitans from H. aphrophilus and H. paraphrophilus on the basis of ␤-galactosidase and ␣-glucosidase reactions. Our results confirm the previous results published by Slots (24, 26) and Sakazaki et al. (23) , but differ from those by Myhrvold et al. (16) . Slots (24, 26) reported that 70 to 86% of A. actinomycetemcomitans isolates produced weak leucine aminopeptidase but all of our test A. actinomycetemcomitans isolates strongly produced leucine aminopeptidase. This discrepancy may be related to diversity in the origin of the isolates.
Conventional phenotypic tests, including fermentation of sucrose and lactose, used for differentiating A. actinomycetemcomitans from H. aphrophilus and H. paraphrophilus are timeconsuming and labor-intensive. The conventional fermentation tests take 5 or 10 days depending on the method (18, 26) . Moreover, phenotypical tests can sometimes be unreliable, since, for example, some catalase-negative strains of A. actinomycetemcomitans and catalase-positive strains of H. aphrophilus or H. paraphrophilus have been reported (28, 29) . In such cases, these species would be misidentified due to these phenotypically variable strains. Molecular methods such as hybridization to species-specific oligonucleotide probes (5) or cloned DNA probes (28) or analysis of the 23S rRNA gene (17) or the 16S rRNA gene (19) have been developed to discriminate between A. actinomycetemcomitans and H. aphrophilus or H. paraphrophilus. However, sufficient differentiation between H. aphrophilus and H. paraphrophilus could not be achieved in most of these studies (5, 17, 28) . AP-PCR, which has proven to be a rapid and useful technique for detecting DNA polymorphism in various prokaryotic organisms (30) , applies short oligonucleotide primers of random sequence for the amplification of certain DNA fragments. Although isolates of many bacterial species, such as A. actinomycetemcomitans and Porphyromonas gingivalis, can be differentiated by using AP-PCR (2, 7, 14) , to our knowledge this technique has not previously been applied for H. aphrophilus and H. paraphrophilus isolates.
In this study, the inter-and intraspecies genetic heterogeneity of A. actinomycetemcomitans, H. aphrophilus, and H. paraphrophilus isolates was determined by AP-PCR genotyping by using oligonucleotide 5Ј-CAGCACCCAC-3Ј as a primer. The primer distinguished 3 AP-PCR genotypes among 11 H. aphrophilus and 18 AP-PCR genotypes among a total of 65 A. actinomycetemcomitans isolates. It is obvious that more AP-PCR genotypes can be distinguished when more H. aphrophilus isolates are analyzed. Although a limited number of H. aphrophilus and H. paraphrophilus isolates were analyzed in the present study, it is worth noticing that AP-PCR genotypes of these three species were distinct from each other. We suggest that the AP-PCR method may prove to be a useful supplement to conventional methods in the differentiation of the three species, A. actinomycetemcomitans, H. aphrophilus, and H. paraphrophilus.
In conclusion, we showed that the present Rapid NH system has a poor ability for identifying A. actinomycetemcomitans, whereas the API ZYM system consistently gave correct identifications and was able to differentiate A. actinomycetemcomitans from H. aphrophilus and H. paraphrophilus. However, the API ZYM system is unable to distinguish the A. actinomycetemcomitans serotypes from each other and H. aphrophilus from H. paraphrophilus. The performance of Rapid NH may be improved by including the present serotype-specific test results in a reconstructed database. To discriminate these three closely related species from each other we have developed a rapid-PCR-based method which can be alternatively used as an aid for identifying isolates that exhibit atypical phenotypic features.
